Self-control is a burgeoning research topic within sport and motivational psychology. 29
represents an immediately satisfying proximal desire. The desire to exercise at intensities that 111 lead to positive, rather than negative, affect is considerable (Ekkekakis, Backhouse, Gray, & 112
Lind, 2008). In contrast, producing optimal athletic performance represents the valued distal 113
goal. 114
Desire-goal conflict can be predicted by the relative strengths of the desire and the 115 higher order goal, and the degree of incompatibility between the two (Kotabe & Hofmann, 116 2015). For example, relieving perceptions of discomfort associated with intense aerobic 117 activity versus maintaining optimal performance are clearly incompatible. However, for most 118 athletes, pursuing a gold medal in an Olympic final would be a stronger higher order goal 119 compared to merely obtaining useful performance data in training. As such, the desire-goal 120 conflict is likely to be lower in the former scenario than the latter. On the other hand, desire-121 goal conflict would increase as the perceived distress associated with performance effort 122 increases. When the cost of maintaining performance is sufficiently great to override benefits 123 of persisting, maximal exertion is abandoned (Botvinick & Braver, 2015) . The size of this 124 cost rises as the number and magnitude of the different systems recruited increases. 125
Unfortunately for athletes, elite sport performance places more demands on the brain andregulated by different areas of the brain, namely the anterior cingulate cortex and dorsolateral 153 prefrontal cortex, respectively (Botvinick, Braver, Barch, Carter, & Cohen, 2001 ; 154
MacDonald, Cohen, Stenger, & Carter, 2007) . Although there is some debate (Fujita, 2011) , 155 these self-control processes are generally understood to occur consciously, as opposed to 156 broader definitions of self-regulation which include both automatic and conscious processes 157 (Baumeister et al., . 158
Attempts to categorize different types of self-control have been undertaken, including 159 a review of self-control measures which revealed four dimensions of self-control (Whiteside 160 & Lynam, 2001). Urgency is the inability to resist strong impulses, lack of premeditation 161 refers to acting before thinking, lack of perseverance reflects the inability to attend to 162 uninteresting or difficult tasks, and sensation seeking is a tendency towards exhilarating and 163 risky activities. Psychometric and neuro-scientific evidence points to considerable conceptual 164 overlap among the first three dimensions and they align with the definition of self-control 165 provided. The same evidence points to sensation seeking representing a distinct phenomenon 166 and is not considered in this text (Duckworth & Kern, 2011; Steinberg, 2008) . 167
Does self-control diminish over time? 168
There is an impressive weight of evidence to suggest that individuals do not reliably 169 sustain self-control over time. This idea forms the basis of the strength model of self-control 170 (Baumeister et al., 2007). The theory's major postulate is that, after initial acts of self-control, 171 an individual's capacity to exert further self-control becomes diminished (Baumeister et al., 172 unrelated second task requiring self-control. A meta-analysis of 198 experiments reported 178 that, in conditions where self-control is needed during the first task (compared to no or 179 limited self-control required), self-control is diminished during the second task (Hagger et al., 180 2010) . Overcoming the urge to quit or reduce effort during prolonged or intense exercise 181 requires self-control; therefore, the sequential-task protocol has been employed in exercise 182 settings. Following a cognitive task requiring self-control to override response tendencies, 183 participants performed worse during indoor cycling and running tasks, compared to when 184 they completed a cognitively simple congruent Stroop task (Englert & Wolff, 2015 ; 185 an upsetting video and were instructed to suppress their emotional responses (i.e., self-control 188 condition), compared to when participants were given no guidance regarding emotion 189 regulation (i.e., control condition; Wagstaff, 2014) . 190
Despite popularity and support for this tenet of the strength model, it has encountered 191 major challenges. A meta-analysis using different study inclusion criteria to those of Hagger 192 and colleagues (2010) and additional statistical techniques to correct for small-study effects 193 led to the conclusion that 'self-control in general does not decrease as a function of previous 194 use' (Carter, Kofler, Forster, & McCullough, 2015, p18 suggests that it may be too early to conclude whether the effect is an experimental or 199 statistical artefact (Blázquez, Botella, & Suero, 2017) . 200
In addition to the debate around the existence of self-control decline, numerous 201 studies have identified simple ways to sustain self-control, including incentives (Mischel & The beginning of this article outlined the importance of effective self-control for 222 successful performance. However, self-control decline and the considerable cognitive costs 223 associated with self-control attempts counterintuitively imply that athletes who rely on it for 224 successful performance will likely fail. During self-control, increasing cognitive demand is a 225 signal that the value of the alternative temptation (e.g., relieving performance distress) is 226 beginning to outweigh the goal-oriented task (Kool et al., 2010) . The more time spentexerting self-control, the greater the aversive experience (Kool & Botvinick, 2014 with increasing aerobic effort conflict with the goal of successful performance (i.e., a desire-235 goal conflict exists) will negative affect occur and self-control be initiated. 236
To provide greater clarity, consider two endurance athletes. The first athlete values 237 successful performance but experiences trepidation of the amount of effort required and pain 238 to overcome. In this example, there is a desire (to avoid the pain), which conflicts with a goal 239 (successful performance). This desire-goal conflict initiates the self-control process, and the 240 costly and aversive experience of self-control begins to accumulate. A second athlete values 241 successful performance equally well, however, this athlete considers the performance-related 242 discomfort as an important and necessary element of goal pursuit. By fusing the activity of 243 overcoming discomfort with the goal of successful performance, the discomfort becomes 244 instrumental to the goal, not in conflict with it (c.f., Kruglanski et al., in press). Consequently, 245 initiation of self-control can be delayed, leading to decreased negative affect and cognitive 246 load, and subsequent enhanced endurance performance. Outside of sport, greater persistence 247 on a reading task occurred when the goal of a bonus payment was fused to the task, rather 248 than a distinct bonus and task or no payment control condition (Woolley & Fishbach, 2016) . 249
This implies that, although exerting self-control to overcome performance-related discomfort 250
will be necessary at some point for successful performance, delaying self-control exertion by 251 reducing the discomfort-performance conflict will enhance performance. In practical terms,perceiving the need to overcome performance-related discomfort as part of successful 253 performance, rather than as an obstruction to it, should achieve this delay. 254
Even with a highly integrated process and goal, at some point, the desire to remove 255 performance-related discomfort will conflict with successful performance and self-control 256 will be required. During these assumed latter stages of endurance performance, we suggest 257 that the focus should be on embracing this conflict, rather than supressing it. The degree to 258 which the affective distress signal of a desire-goal conflict recruits self-control is moderated 259 This hypothesis has applicability to sport psychology research, where a psychological 274 skills training perspective advocates suppression of, rather than acceptance of, negative 275 internal states (Gardner & Moore, 2007) . Doing so will lead to an inability to use affective 276 information to motivate subsequent action . Instead, a mindfulawareness and non-judgmental acceptance can amplify conflict-related affect and effectively 278 have shown promise in impacting upon athletic performance, but self-control has not been 295 considered as a mechanism for these effects, and the research lacks methodological rigor 296 (Sappington & Longshore, 2015) . Implementation intentions have not been studied in 297 endurance performance contexts. 298
Why does self-control fade? 299
The strength model of self-control describes how self-control draws energy from an 300 internal resource that is consumable but limited (Baumeister et al., 1998). Congruent with this 301 limited resource perspective, an argument exists that individuals are motivated to conserveself-control if future need is anticipated, which may be reflected in poorer self-control prior 303 to the anticipated future use (Muraven, Shmueli, & Burkley, 2006) . However, the 304 identification of the resource that is depleted remains elusive. Glucose has been suggested as 305 a candidate resource and initial studies revealed that engaging in self-control reduced blood 306 glucose, which in turn was associated with impaired performance on subsequent measures of 307 self-control (Gailliot et al., 2007) . In addition, imbibing a glucose-based drink has been 308 In sum, it is unlikely that glucose is the central resource behind self-control processes. 331
But ruling out one candidate resource does not preclude the existence of another. Certainly, a 332 global element to self-control exists given that the two tasks comprising the sequential-task 333 paradigm are often unrelated, thus demonstrating cross-contextual effects. This global 334 characteristic is most easily observed in sport performance research where the first task is a 335 cognitive function (e.g., resisting a natural response tendency) and the second is physical 336 (e.g., endurance performance task). Nonetheless, the search for a biological foundation of 337 self-control continues. Some theories acknowledge capacity-based explanations for self-338 control failure, but usually these refer to the non-motivational cognitive resources (e.g., is strong theoretical and empirical evidence to suggest that shifting attentional focus is the 389 most plausible explanation for self-control reductions in sport contexts. Hence, it is necessary 390 to identify how attention can be shifted towards factors conducive to, rather than obstructive 391 of, self-control processes during endurance performance. In the following section, we argue 392 that a focus on motivation will help us achieve this goal. There are myriad motivational inputs that can influence attention and decisional 422 processes, for example, most proximal temptations are instantly enjoyable or satisfying and 423 offer more certainty, relative to distal goals (Kahneman & Tversky, 1979) . The relationship 424 between motivation and effective self-regulation has been scrutinised for several decades. 425
Tenets of self-determination theory (Ryan & Deci, 2017) , a prevalent theory in sport andexplaining how motivation can enhance endurance performance. Broadly speaking, we 429 contend that internalizing and integrating successful performance will facilitate self-control in 430 several ways. According to self-determination theory, humans are fundamentally inclined 431 towards growth, which partly expresses itself as a tendency to internalise extrinsically driven 432 behaviour so that it becomes integrated with one's true sense of self (Ryan & Deci, 2017) . 
Summary and final thoughts 495
By reviewing several prominent ideas behind self-control, we have attempted to 496 widen the theoretical scope of this important research topic. Collective consideration of the 497 various models will allow a broader depth of knowledge to develop in the race to improve 498 athletic performance. This is not to dismiss the idea of singular theoretical explanations, but 499 to shed light on complementary hypotheses, establish greater theoretical depth, and 500 encourage sport researchers to be at the forefront of research progress. One of the strongest 501 elements of the self-control literature is that it is almost entirely based on experimentaldesigns with random samples that point strongly to causal effects. Moreover, the dependent 503 variables are almost always behavioural (e.g., giving up on a task, responding slower to a 504 stimulus), as opposed to self-report variables common in sport psychology work. As such, 505 evidence contained within the self-control literature would almost entirely be categorised as 506 high quality. 507
Within the article we propose several extensions to current knowledge. These 508 proposals are based on the integration of self-control and motivational theory. First, we 509 integrate self-control definitions and structural motivational perspectives (Kruglanski et al., in 510 press) to hypothesise that a fusion of the process of overcoming performance-related 511 discomfort and performance goals will reduce the desire-goal conflict required for initiation 512 of self-control. This fusion will delay aversive and costly consequences that may impede 513
performance. This idea is followed by the suggestion that attentional processes, rather than 514 limited resources explain why self-control reduces over time, yet we also highlight that 515 glucose remains an interesting construct to study in self-control research, but not as a 516 resource that self-control is based upon. The final section is based on a mutual consideration 517 of several self-control theories that place motivation as a central mechanism and self-518 determination theory. By focusing on autonomous goals and motivation as a key motivational 519 input in the self-control process, we can speculate on three mechanistic explanations of how 520 to improve self-control. Autonomous regulation during endurance performance can a) reduce 521 the salience of the desire to reduce performance-related discomfort, b) increase the attentional 522 resources dedicated to optimal performance goals, and c) help monitor and modify self-523 control more effectively during performance and over time. squeezing a handgrip or using one's non-dominant hand for everyday tasks over several 545 weeks, seem to lack the ecological validity necessary to transfer into sport training contexts. 546
On the one hand this gap represents a worrying lack of knowledge, but on the other, it 547 represents a ripe opportunity for exploration and advancement. 548
We have deliberately placed this article at the interface of mainstream psychology and 549 sport performance research. For instance, considerable evidence has accumulated from sport hypotheses we have put forward are also based on mainstream psychology, rather than sport-556 specific research. For example, the idea that fusing processes and performance goals will 557 delay the desire-goal conflict and improve endurance performance has not been empirically 558 tested, nor has the mechanisms explaining why autonomous motivation enhances self-control 559 during endurance performance. We acknowledge and embrace this fact, and in doing so, we 560 align with arguments put forward by scholarly bodies to progress motivation science (see 561 open letter from the Society for the Science of Motivation here 562 http://www.thessm.org/MotivationalManifesto.pdf). In brief, we aim to progress from 563 establishing sport-specific motivational phenomena addressing specific applied problems, to 564 general motivational rules or principles that that lie beyond surface expressions in sport. 
